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Introduction
Climate change is one of the most pressing issues currently facing the global community. Climate scientists are largely in agreement that greenhouse gas (GHG) emissions are responsible for climate change and government bodies around the world are recognizing this and implementing measures to reduce their emissions. The Province of Ontario has summarized their emissions targets as well as plans to reduce atmospheric carbon in Ontario's Climate Change Action Plan [1] . Ontario's Climate Change Action Plan has set out targets to reduce GHG emissions to 15% below 1990 levels by 2020. Current investments in green energy, energy efficiency, and other programs are expected to bring Ontario 60% of the way towards the 2020 target [2] . In order for Ontario to reach the 2020 target, additional programs must be introduced across all sectors within the province.
The building sector is often cited as one of the most cost effective areas to reduce energy use and GHG emissions [3] , [4] . With the vast majority of Ontario's building stock in the form of residential housing, there exists significant potential in the residential sector to reduce carbon emissions province-wide. The residential sector accounts for 17% of Canada's secondary energy use, 80% of which is used for space and domestic hot water (DHW) heating [5] . GHG emissions from Canadian homes are closely tied to energy use from the residential sector; 16% of the nation's carbon emissions are from residential buildings [5] . With the continued growth of the residential sector, new Ontario housing has an important role to play in meeting Ontario's future greenhouse gas emission targets.
Ontario is currently experiencing significant growth with over 65,000 housing starts estimated in 2012 [6] . The large number of housing starts in Ontario will lead to significant growth in the demand for energy use, which correlates with a growth in GHG emissions. While more homes will require more energy, the rapid development of communities within Ontario represents an immense opportunity for energy conservation. As these homes will be occupied for decades to come, we must evaluate how design decisions that we make today will perform in the future.
Ontario has been progressively improving energy efficiency requirements for new homes over the past several decades, where the most recent changes to the Ontario Building Code (OBC) have significantly improved the standard for the energy efficiency of housing starts in the province. The changes came into effect January 21 st 2012, effectively improving home energy efficiency by 40% when compared to housing starts in 2006 [1] . The revised code requires homes that are occupied continuously over the winter months to have a performance rating of at least 80 on the EnerGuide rating system, which is a home energy performance rating system on a scale from 0 to 100 developed by Natural Resources Canada, or be in conformance with the prescriptive path for energy efficiency outlined in Supplementary Standard SB-12, Energy Efficiency for Housing of the OBC [7] .
The prescriptive path for energy efficiency outlines several equivalent compliance packages for energy efficiency.
Each compliance package bundles energy efficiency measures in the form of prescriptive requirements for the building envelope and mechanical equipment. These compliance packages were partially developed from the recommendations put forth in a report by Lio & Associates [8] which were made on the basis of energy savings, GHG emissions, environmental impacts and costs, as well as barriers to adoption.
Since the implementation of the 2012 OBC, Dembo et al. [9] explored least-cost upgrade solutions that could be Most of the remaining literature on the reduction of energy-use and GHG emissions in the residential building sector focuses on improving the performance of existing homes through energy retrofits. Dowson et al. [10] reviewed the barriers to significantly reducing carbon related emissions by retrofitting the United Kingdom's (UK) existing housing stock. The major barriers identified included "hard-to-treat" solid walls, the large expense of replacing windows, and the high embodied energy in retrofit materials. Gamtessa [11] gave an overview of the residential energy efficiency retrofit behavior in Canada in conjunction with government incentives, and found that retrofits are more likely to be carried out in older less efficient homes, and that the likelihood of undertaking an energy retrofit was directly related to the expected cost savings and upfront financial incentives. Galvin [3] took a critical view of the generosity of Germany's financial incentives for single residential retrofits, citing the declining economic efficiency with more aggressive energy retrofits as the reason.
The focus of this paper is on the merits of energy efficiency in new construction. Building upon and updating the work previously mentioned by Dembo et al. [9] , this study explores the economic and carbon implications of building more energy efficient homes than required by the 2012 OBC. To develop this case, a model of a typical single-family detached home that would just meet the energy efficiency requirements of the 2012 OBC was developed as the baseline. Three separate energy efficiency upgrade options were developed and modeled using home energy simulation software to compare both energy savings and carbon reductions. The most basic upgrade entailed tightening up the building envelope and adding heat recovery to the ventilation system. The two remaining upgrades included increased levels of insulation and high performance windows which meet the R-2000 energy target. R-2000
is a voluntary home performance standard administered by Natural Resources Canada, and is based on such metrics as energy efficiency, indoor air quality, and environmental responsibility. The R-2000 energy target was recently updated to reflect improvements in building codes across the country and subsequent advances of industry standards [12] . It is this updated target upon which the upgrade options have been based. The difference between the two R-2000 models was the fuel source used for space and water heating-the more typical model used natural gas for heating while the less carbon-intensive model was powered and heated exclusively by electricity. These measures showed more significant reductions in energy use and GHG emissions.
The Model Homes
To obtain energy simulation inputs, four model homes were developed that would be representative of new homes being built in Ontario in both size and fenestration ratios. The baseline model was generated based on the OBC and two of the three energy efficiency upgrade options were designed to qualify for R-2000 certification.
The overall dimensions and placement of windows and doors were held constant to enable a comparison amongst the baseline model and the different upgrades. These parameters were selected to best reflect the average new home being built in Ontario. The average home size of a new single detached home in Ontario is 177 square meters [6] . The model home was designed to capture this with a square building footprint measuring 10 meters by 10 meters over two stories. The model includes a basement which extends 1.86 meters below ground. The Canadian SingleDetached and Double/Row Housing Database (CSDDRD) was consulted in selecting window-to-wall ratios for accurate representation of newly constructed homes; the average glazing area of homes built since the 1980s has remained steady at about 15% of the wall area, and the average south facing window area is currently about 5% of the conditioned floor space area [13] . Using these glazing ratios as a guide, all four models include 6. The baseline model home was designed using the prescriptive path of the OBC [7] . Three upgraded models were developed using widely available technologies and building materials as well as common construction practices within Ontario so that the upgrades would be representative of a housing archetype that could be adopted with ease across the province. The first upgraded model home was developed by upgrading the standard OBC home by improving the ventilation through a tighter building envelope and a heat recovery ventilator (HRV) unit. The second upgraded model home was created by upgrading to the new R-2000 standard. The third upgraded model was also designed to the R-2000 standard, but natural gas-fueled appliances were eliminated and the home was powered exclusively by electricity. Model Inputs are summarized in Table 1 .
All computer model simulations were performed with the standard values for home occupancy, internal loads, temperature set points, DHW use, and other site conditions outlined in the 2012 R-2000 Standard, Appendix B [12] .
Simulations were performed using the Toronto weather file, which would be applicable for the majority of housing starts in the province. Figure 1 shows the monthly average outdoor temperatures from the weather file used with HOT2000 for reference of the Toronto climate. The four model homes are discussed below.
Model I-The Standard OBC Home
The prescriptive path for building code compliance laid out by SB-12 was used in developing the OBC home model. 2.54 cm (1") of XPS board insulation extending 0.6 meters (2') below grade. Double-glazed windows with lowemissivity coating and argon gas fill were selected to conform to the maximum prescribed window U-value of 1.8 W/m 2 K [7] . These windows had a solar heat gain coefficient (SHGC) of 0.56. Natural infiltration was set to 2.5 air changes per hour at a 50 Pa pressure differential (ACH50) as assumed by SB-12 for energy modelling purposes [7] . This is just less than the average observed by Harris [14] To electrify the home, the natural gas furnace and central air conditioning unit were replaced with a single air-source heat pump with electric resistance backup heating. The heat pump was assumed to have a Heating Seasonal Performance Factor (HSPF) of 8.5 and Seasonal Energy Efficiency Ratio (SEER) of 15, representative of high efficiency units for the Toronto climate [16] . The natural gas-fueled instantaneous water heater was replaced with a 40 gallon electric tank. See Figure 2b ) for the building envelope cross-section of Model IV.
Computer Simulation
The low-rise residential housing energy simulation software, HOT2000 Version 10.51 [17] , was used to model the energy performance of the four model homes including the OBC baseline and three upgraded options developed for this study. HOT2000 was developed by Natural Resources Canada as a means to evaluate home energy performance for various government incentive programs, to inform policy, and for evaluation against government rating systems such as EnergGuide and the R-2000 standard.
HOT2000 simulation results revealed that the OBC Home had an annual space and domestic hot water heating requirement of 78 equivalent kilowatt hours (ekWh) of natural gas per square meter of habitable floor area. Figure   3 shows the breakdown of annual heat losses through various home components. Of the avenues for heat loss, 2016 to be 15% more energy efficient than the current requirement. A 15% improvement in efficiency can easily be met with greater attention to the continuity of the air barrier and implementing heat recovery from waste air streams.
After improving ventilation, the windows, walls and the basement are the greatest sources of annual home heat loss. With added insulation, which is relatively inexpensive at the construction phase, and installing higher performance windows, space heating requirements are reduced by over half. This reduction can be seen in Figure 4 by comparing the space heating energy use of the OBC home with controlled ventilation and the fuel-fired R-2000
home. Upgrading the water heater to an instantaneous unit significantly reduces standby DHW losses over the cooling season. As such, the fuel-fired R-2000 home resulted in 55% reductions in heating energy over the baseline OBC home. The electrically-heated R-2000 home with a high-efficiency air-source heat pump resulted in a 70% reduction in heating energy over the standard OBC home.
Economics of Building Better Homes
To evaluate the economic opportunity for homeowners of building better than the OBC, the estimated incremental costs of each of the three upgrade options was compared with the total energy savings based on current utility rates.
The construction costs associated with the energy efficiency upgrades were estimated through industry standards and consultation with suppliers and installers. Tables 2, 3 , and 4 show the breakdown of estimated upgrade costs over the standard OBC home.
Upgrade costs for the three models were then amortized over a 25-year mortgage to determine the incremental mortgage payment the homeowner would be responsible for annually. A 5% fixed mortgage rate was assumed for determining annual payments. It should be noted that the following economic analysis does not take into account the effect a carbon tax would have on future cash flows, nor the increase in capital value of the home due to energy efficient or "green" labeling-with no widely received home energy efficiency rating system currently adopted, the increase in property value from lower operating costs and the energy efficiency label would not likely be reflected in the current marketplace to a significant degree. Recommendations for a mandatory home energy rating system are discussed in Section 6. Table 5 shows estimated annual energy costs of the four homes modeled, as well as the energy savings and incremental mortgage payments over the OBC home.
As shown in Table 5 , none of the energy efficiency upgrade options modeled will provide a return at present utility rates, although the energy cost savings of the controlled ventilation model is only $18 short of covering the incremental mortgage payment. The electric-powered R-2000 home costs more to operate than the standard OBC home despite much lower energy requirements due to the price difference between natural gas and electricity.
To determine which of the individual upgrades would provide a positive financial return, each upgrade was added individually to the base case model. The independent return on investment (ROI) of each of the individual upgrades was then determined and presented in Table 6 to compare individual returns. Reducing the natural infiltration was the only measure that provided a positive ROI at present utility rates. Despite having the highest initial cost of upgrade, the high performance windows proved to be one of the better investments of the upgrades that did not provide a return. This was because decreasing the SHGC of the windows was the only measure that also significantly lowered electricity costs, which sells for a higher rate than natural gas. The impact of the substantial price difference between natural gas and electricity on upgrade economics is particularly evident with the HRV; despite significant savings in natural gas, the resulting increase in electricity expenditure from the additional HRV fan power diminished cost savings. None of the insulation upgrades provided favorable returns due to the high levels of insulation in the base case and the inverse relationship between conduction and thermal resistance.
In order to perform a fair evaluation of the economic returns, the financial model must consider the whole 25-year mortgage term, and thus forecast future utility rates.
Ontario Hydro electricity prices are expected to rise between 46% and 58% for residential customers over the next five years [18] . Natural gas price projections were obtained from the early release of the 2013 energy outlook prepared by the U.S. Energy Information Administration (EIA). Natural gas prices, although historically have been very volatile, are expected to hold relatively constant over the next several years [19] . These estimates were based on continued shale gas expansion in the North American market, continued high crude oil prices and improved drilling efficiencies. After 2018, the price of natural gas is expected to rise annually at a rate of 2.5% until 2030, and then by 3.7% until 2040 in 2011 dollars as demand increases and natural gas in remaining reserves becomes more difficult to extract [19] .
Over the next five years, financial models developed for this study assumed natural gas rates would rise with inflation (assumed to be 1%) and electricity rates were assumed to rise uniformly by 50% over this same period. Utility rate projections over the next five years were thought to be predicted with high confidence, so only this single utility rate escalation scenario was considered. Projecting rates after this period posed difficult with no long-term forecasts of
Ontario's electrical rates, and the uncertainty that arises in the long-term natural gas price projections provided earlier.
A sensitivity analysis was performed on the utility escalation rate after the five-year mark by developing an upper and lower bound escalation scenario. The upper and lower limits of the electricity escalation rates ranged between 2% and 9%; the lower bound assumes modest increases after the rapid escalation predicted over the next 5 years, while the upper bound assumes electrical rates will roughly continue on their current predicted trajectory. The lower bound natural gas escalation rate was in line with the forecast provided by the EIA. The upper bound natural gas escalation scenario assumed a 1% increase over the over the EIA projections where prices would begin to escalate by 3.5% over inflation in 2015 until 2030, after which, the escalation rate was assumed to increase to 4% over inflation.
After developing the upper and lower bounds of utility escalation scenarios, a third escalation scenario was developed that provided a representative average between the upper and lower bounds. This average scenario was then adjusted for both climatic changes in Southern Ontario and rising mortgage rates. The higher mortgage rate scenario assumed that mortgage rates would increase from 5% to 6%. The intention of the climatic adjustment is to account for a weather year warmer than the average historical weather year used by HOT2000.
HOT2000 uses a weather file for Toronto that includes 3650 heading degree days (HDD). As the effects of climate change will likely reduce the number of HDD in the future, part of the sensitivity analysis includes accounting for this decrease. In 2012, the City of Toronto recorded only 3100 HDD. Although this was a particularly warm year, it could be indicative of future weather patterns in the region. As such, the natural gas savings were adjusted by a factor of 0.85 to scale down the heating energy requirement from that generated by the weather file used by HOT2000. The factor of 0.85 was determined based on the ratio between the HDD for the City of Toronto in 2012 and the number of HDD in the HOT2000 Toronto weather file [20] . This method of adjustment is reasonable because the relationship between heating degree days and heating energy use is approximately linear.
Validation of this concept has been performed by the authors by comparing predicted heating energy use of buildings through computer simulations by using both a standard weather year (CWEC) and a weather file from a warmer year [21] . By adjusting the weather-related natural gas consumption from the standard weather year model by an appropriate Heating Climate Index (HCI), which was generated much the same way as the natural gas adjustment factor used here, the estimated heating energy intensities were very similar to running the computer simulation with an updated weather file.
The global adjustment of 0.85 was applied to the total natural gas used. While 0.85 would be an over adjustment of the natural gas used for DHW, warmer air temperatures would also undoubtedly increase the water main temperatures and thus decrease water heater energy use.
The net annual cash flows of the OBC home with controlled ventilation and the fuel-fired R-2000 home are shown
in Figures 5 and 6 respectively. A financial model of the electric-powered R-2000 home was not included because the energy utilities at current rates are greater than the utilities for the standard OBC home. The model with controlled ventilation is very sensitive to the cost of electricity due to the increase in electricity required to power the HRV. Despite significant savings in natural gas, increased electricity costs dominate financially due to the relative price between electricity and natural gas and the projected growth in the price gap between the two energy sources over the next five years. After this period, it is only with modest escalation in electricity prices that the cash flows become positive over the mortgage term. While high escalation of electrical utility costs degrade financial returns for the OBC home with controlled ventilation, rising electricity rates improve the economics of the fuel-fired R-2000
home because the reduction in electricity use from lower cooling requirements more than offset the increase in electricity needed to power the HRV. Both models showed great sensitivity to climatic changes and the mortgage rate, however, for the OBC home with controlled ventilation, electricity rates were the dominating factor.
A few of the financial models showed a favorable financial return over the 25 year mortgage term. While this does not make the financial case for the homeowner alone, these models can be used to show the true net benefit or cost over the lifecycle of the upgrades. The net present value (NPV) was calculated for each financial scenario using equation (1), where the energy savings in any given year are calculated assuming 1% inflation in addition to the fuel cost escalation, and net cash flows are discounted to the present at a rate of 2%. The NPV of the controlled ventilation model ranged from -$1,215 to +$104 and the NPV of the fuel-fired R-2000 home ranged from -$1,633 to +$1,867, depending on the financial assumptions. With greater home buyer education through the introduction of mandatory energy labeling, which is discussed in Section 6, the likelihood of the owner recouping these relatively small NPV "deficits" is much greater.
( 1) This section has explored the economic benefit to the homeowner directly. The broader economic benefits to society in terms of avoided energy generation and expansion of associated energy generation infrastructure are discussed in the context of carbon emission reductions in Section 5. The NPV ranges presented in Section 4 were then used to assign a time averaged cost of abatement for GHG emissions per tonne of carbon dioxide. Similarly, this method could also be used to assign costs to other intangible benefits of low-energy homes such as improved occupant comfort and reduced exposure to risk from energy prices and supply disruptions.
Carbon Implications of Building Better Homes
An estimate of the carbon emissions from the four home models was determined using HOT2000 simulation results.
The emissions factor used for natural gas consumption was 1.879 kg/m 3 and 0.11 kg/kWh for electricity based on
Ontario's electric grid average [22] . Figure 7 displays the annual GHG emissions derived from natural gas and electricity normalized as tonnes of carbon dioxide equivalent (tCO2e) for the four homes modeled.
The difference in carbon emissions between the OBC home and each of the upgrades represents the magnitude of abated carbon as a result of the upgrade. The cost of GHG abatement was estimated based on the net cash flows from the baseline financial models presented in Section 4. Table 7 shows the estimated cost of abatement per tCO2e at present utility rates as well as over a 25-year period. In estimating the cost of abatement over a 25-year period, the average NPV of the three upgrade options was used from the financial scenarios presented earlier. This total net cost was then divided by the total predicted tCO2e abated over the same 25-year period. The home built to the OBC with controlled ventilation resulted in the cheapest cost of abatement at present and when averaged over a 25-year period. Due to the high projected cost of electricity relative to natural gas, the R-2000 electrically heated home is the most expensive means of carbon abatement of the three upgrade options explored, despite resulting in the lowest overall emissions. It was also the only option that showed increased abatement costs when projecting into the future due to the rapidly escalating cost of electricity.
The cost of abatement shown here can be used as a measure of the economic efficiency of carbon reduction through constructing new homes to more stringent energy standards than required by code. The trend shown here for new homes is similar to trends noted in empirical studies of home retrofit economics where more intensive energy efficiency measures show a less favorable economic efficiency [3] , adhering to a law of diminishing returns. Thus, it is usually more economical to retrofit homes with poor energy performance, than to retrofit a home that is already energy efficient. The same can be said when benchmarking energy efficiency upgrades for a new home against a fairly well performing standard, such as that set by the OBC. An important distinction between new builds and existing homes is the relative cost of improving energy efficiency; while replacement of HVAC equipment is usually on par with the initial installation cost, the initial cost of envelope upgrades for new construction is comparatively less expensive than envelope retrofits of existing homes. Therein lies the logic of building to the highest practical standards during the initial construction.
While the cost of abatement is an important metric in determining the viability of home energy efficiency upgrades, so too is the impact that these measures will have on the province's overall carbon emissions. Based on current initiatives, the projected gap in GHG emissions from Ontario's Climate Change Action Plan 2020 target will be 38 Mt
CO2e [23] . The total annual carbon emissions in the year 2020 from all future homes starts were estimated for each of the HOT2000 home models if built exclusively from today onwards, with the standard OBC home representing the "business-as-usual" case. Total annual emissions estimated for 2020 were based on 65,000 housing starts per year from 2013 to 2020, and the business-as-usual case took into account the planned 15% energy reductions in 2016 by the OBC.
Based on abated emissions, the relative contribution of building better than the OBC today will have towards closing the carbon reduction gap and achieving Ontario's 2020 targets was estimated as a percentage, shown in Table 8 .
While simply adding heat recovery and improved envelope tightness to the current OBC is the cheapest form of carbon abatement, upgrading to the R-2000 standard results in more significant contributions to reducing Ontario's carbon emissions; If all homes built from today onwards were designed to the R-2000 standard, the 2020 target gap could be closed by between 3% and 4.5%, when compared to just less than 1% if only ventilation improvements
were undertaken with the current code.
While building to the R-2000 standard will provide significant reductions in residential carbon emissions over the minimum requirements of the OBC, the greatest potential for GHG reductions in Ontario's housing sector lies with energy retrofits of existing buildings. As of the 2011 census, there were 4.8 million private dwellings in the province of Ontario, 2.7 million of which were single-detached homes [24] . Most existing homes were built to much less stringent standards than the current building code dictates; as recently as 2006 the building code was 40% less energy efficient than it is today. Quantifying the potential for carbon reductions from the existing housing stock, as well as the cost of doing so, is outside the scope of this study, but these statistics speak to the relative contribution energy retrofitting can have towards reducing Ontario's GHG emissions. There are however challenges with implementing retrofits on a wide scale; differing vintages and housing types affect retrofit limitations, costs, and potential savings, and there also exists barriers to accessing and retrofitting low-income and affordable housing for retrofit. These limitations help highlight the benefit of building better initially, when minimum energy efficiency standards are more easily enforced and installation costs are much lower.
Recommendations
The recent revisions to the building code have established Ontario as a North American leader in energy efficient homes. The OBC has set the minimum standard high enough that most of the "low-hanging fruit" of energy saving upgrades at the construction phase have been addressed. When looking at today's energy prices, it is difficult to justify further improvements in efficiency based on the economic benefit to individual homeowners alone. Even with energy price forecasts based on the best data available, it is hard to justify all but the most basic improvements from this perspective. What the analysis of economic benefit to the homeowner fails to capture however, are the intangibles such as improved occupant comfort and home durability, resilience to rising energy costs and supply, and a lesser impact on the environment.
What this shows is a need to address market failures-the benefits of energy efficiency are simply not valued in today's housing market, nor is the scope of an economic analysis large enough to extend much beyond the individual homeowner. What is needed is new policy to drive market transformation to more appropriately value low-energy homes for both new construction and existing homes. In order for the residential sector to fully partake in Ontario's Climate Action Plan, a concentrated effort is needed in incentivizing energy efficient retrofits targeted at poor performing homes, and to push new construction to outperform the minimum requirements of the current code.
These efforts represent a cost-effective way to reduce emissions compared with many other mitigation strategies [4] . Recommendations are described below.
Mandatory Energy Performance Certificates
One method of addressing this market failure gaining traction globally, particularly in Europe, are mandatory Energy Performance Certificates (EPC). The EPC introduces a new level of transparency in the housing sector by providing the homebuyer with relevant information on energy performance and associated costs, which is otherwise not provided. This then allows for direct comparison between different homes on the market so that the energy performance can then be better reflected in the sale value of the home. In the case of new construction, this would allow developers to more easily recuperate upgrade costs, and in the case of resale homes, allow the existing homeowner to more easily recuperate retrofit costs.
Home energy efficiency labeling is voluntary under most North American jurisdictions. The European Union (EU) has introduced the Energy Performance of Buildings Directive, which requires EPCs be made available when new buildings are constructed, sold or rented in the EU [25] . Australia also requires energy use disclosure when transferring ownership of homes [26] . While the EnerGuide rating system and R-2000 certification have similar objectives to the EU's EPC directive, they do not currently have the same market penetration due to their voluntary participation. Provisions for the mandatory disclosure of energy performance upon the change in ownership of a home on the other hand, would have a much greater impact on the overall energy use of newly constructed and existing homes in the Province.
Lawrence Berkeley National Laboratory performed a literature review of studies quantifying the added value of EPCs and other "green" building labels such as the ENERGY STAR label. Three studies were reviewed specific to the economics of energy labels in the American, Dutch and Australian housing markets; all three studies found a positive correlation between energy labels and home selling price. Price premiums ranged from 1 to 10% depending on the energy rating presented on the EPC label [26] .
The United Kingdom has followed suit with the rest of the EU in mandating EPCs for homes being built, sold or rented. A recent consumer survey found homebuyers were not very receptive to the rating and information provided on EPCs and that the EPC had little to do with home purchasing decisions [27] . The average homebuyer perceived the EPC as too technical and felt overwhelmed with the amount information presented. There was also some mistrust in the information presented in the EPC from not fully understanding the methods used to derive the information.
Ontario could learn from the successes and failures of mandatory EPCs in Europe and the UK. Recommendations from the UK consumer survey included a simplified certificate provided to the homeowner with energy use presented in monetary values rather than kWh and CO2, since the latter has little meaning to the average homebuyer [27] . A simple rating system was also deemed to be important for quick comparison between homes. The A-G letter rating system, which is used extensively throughout Europe, was well received, as was a simple star system which is a common consumer rating system [28] . More technical information could then be made available for policy makers, researchers and informed homebuyers on request. Another issue encountered has been the discrepancy between calculated and actual savings from evaluations both due the prebound effect, where the measured consumption is less than the initial calculated value, and the rebound effect, where measured post-retrofit consumption is greater than anticipated [29] . The rebound effect is commonly attributed to higher occupancy comfort standards that can be afforded after a low-energy retrofit reduces the cost of heating and cooling [30] .
Preferential Mortgage Rates
When considering the financial models, it was shown that financial returns are highly sensitive to the cost of money borrowed. Lending institutions are increasingly offering "green mortgages" to homeowners at lower interest rates for investments in energy efficiency. Two such programs were identified at the time of writing in the province of Ontario-the Canada Mortgage and Housing Corporation's (CMHC) Green Home insurance mortgage rebate program [31] , and the Bank of Montreal's (BMO) Eco Smart Mortgage TM [32] . The rationale behind these preferential loans is that with lower home operating costs, the homeowner is more likely to be able to make mortgage payments, taking some of the risk off of lenders. Financing strategies such as this can improve energy upgrade economics and help safeguard homeowners against rising mortgage rates. A mandatory EPC would help to increase the success of green mortgages since such programs usually require third party appraisal through home energy audits. Mandatory
EPCs would thus significantly simplify the application process as most homeowners would already have their energy performance known and on hand.
Energy Conservation Initiatives
The financial models also showed that even when energy requirements were drastically reduced, the associated savings for individual homeowners were not great enough to justify the initial upgrade. Shifting government funding and subsidies from the supply side of energy production and distribution to conservation would help provide the necessary market push for higher energy efficiency in homes and represent a cost-effective way for government to reduce emissions. The federal government's EcoENERGY Home Retrofit Program provided up to $5,000 in grants towards energy efficiency upgrades but this program was discontinued as of January 21st, 2012 [33] . As government subsidies were found to play an important role in energy efficient retrofits, especially in low-income households [11] , the renewal of this program would continue to encourage homeowners to perform home retrofits to improve upon energy efficiency. A similar program targeted at new construction could provide the financial incentives needed to encourage home builders to exceed the OBC. In order to maximize GHG reductions given limited financial resources, as noted by Galvin [3] in his analysis of Germany's retrofit subsidies program, the merits of such a program need to be analyzed to ensure that any funding dedicated to the program would be used in the most economically efficient manner. As with the green mortgages, the mandatory EPC would be a great starting point for such a program because the energy audit portion of the grant application would already be complete after an EPC directive had been phased in.
Carbon Tax
A carbon tax is another policy tool that can push the market towards conservation and energy efficiency. A carbon tax would assign a material cost to emitted GHGs, thus introducing an additional positive cash flow from abated carbon. It would also work to narrow the gap between the cost of electricity and more carbon intensive natural gas, improving the economics of electricity-powered efficiency measures such as HRVs and heat pumps. A carbon tax can be more easily sold to the Ontario public if it is revenue-neutral so that revenue from carbon taxation would allow for tax cuts from personal income, investment and small business.
There are fears that a carbon tax will hinder the continued growth and prosperity of Ontario's economy. However, empirical evidence from industrialized nations which have implemented a carbon tax or other form of environmental pricing seems to suggest otherwise. A review of the economies before and after the introduction of a carbon tax in Denmark, Sweden, Finland, the United Kingdom, the Netherlands and Germany found that all countries experienced modest economic gains after the taxing reform, except for the United Kingdom, which experienced neutral growth in their economy [34] . Politically closer to Ontario, the province of British Columbia introduced carbon pricing in 2008. Since the introduction of carbon pricing, the economic growth within the province of British Columbia has outpaced that of the rest of the nation [35] .
Conclusion
Our homes are built for long-term occupancy and it is the responsibility of architects, contractors and engineers to design and plan for the entire lifecycle of the home. While designing for the future will inevitably introduce greater levels of uncertainty in any analysis, it is still an important exercise in helping to determine what the future will hold for today's design decisions. This is why the economics in this study were forecasted over a 25-year horizon. The standard OBC model home was already a relatively high performing home. Because of this and current policy and energy pricing, only the OBC model with controlled ventilation could offer a positive financial return for homeowners depending on future utility prices. However, there were many intangible benefits to society that were excluded from this economic analysis, and these results should not preclude building our homes to higher energy standards.
Building better now will inevitably create more resilient homes, safeguarding homeowners against volatile energy prices, improve comfort and reduce GHG emission in a cost-effective manner. And while the current code has significantly reduced energy use and GHG emissions from Ontario's new residential construction, it is important to continue to drive the construction industry forward and improve upon current practice.
While the focus was on new construction, retrofits of existing homes were also identified as a valuable recourse for allowing Ontario to meet its future emissions targets. The government initiatives recommended here, such as affordable financing options and rebate programs, require an in-depth analysis across the entire housing stock in all vintages and classifications (including new builds), to determine where best to provide financial stimulation. If such programs are well informed, government funds can be allocated in the most efficient manner for maximum GHG reductions. EPC's were also recommended to increase consumer awareness and transform the housing market to more appropriately value energy efficiency. Perhaps the most effective recommendation made here would be the realization of carbon pricing within the province because it internalizes the social costs of carbon into energy conservation economics and would allow the building industry to respond in the most flexible, and possibly, the most efficient manner.
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